Chapter 7

Seed Dispersal by Cattle: Natural History
and Applications to Neotropical Forest
Restoration and Agroforestry

Clara Luz Miceli-Méndez, Bruce G. Ferguson and Neptali Ramirez-Marcial

7.1 Introduction

Agricultural expansion in Latin America is intimately associated with tropical defor-
estation and biodiversity loss (e.g. Angelsen and Kaimowitz 2001). Although agri-
cultural activities are frequently abandoned (Aide and Grau 2004), their effects on
forest regeneration processes may be much more persistent (e.g. Ferguson et al.
2003). On land subjected to prolonged and/or heavy use, potential for forest recov-
ery is limited by the dearth of tree seedlings, resprouts and seed banks (Uhl et al.
1990). At such sites, seed dispersal from off-site is the principal colonization route
for woody plants. However, distance to seed sources, lack of seed disperser activity,
seed predation, herbivory, poor soils, high light intensity, frequent fires and compe-
tition with herbaceous ground cover impede forest regeneration from seed rain (Holl
1998b, 1999, Meli 2003).

Among the most common of these barriers is the lack of animals capable of
transporting seed between wooded and open areas (Holl 1999, Guariguata and
Ostertag 2002, Meli 2003). Animals disperse as many as 66% of tree species in
Neotropical forests, principally by swallowing and defecating their seed (Howe
and Smallwood 1982, Wunderle Jr. 1997). The major dispersers are birds and
bats, although primates, rodents and other mammals may play a complementary
part. Many wild seed dispersers, particularly forest birds, do not cross open areas
(Wunderle Jr. 1997). Frugivorous birds that do enter open areas generally limit their
activities to patches of woody vegetation within the agricultural landscape, and their
movements depend upon plant phenology, particularly fruiting period. The result is
a scanty seed rain that is heterogeneous in both space and time (da Silva et al. 1996,
Wunderle Jr. 1997).

Restoration ecologists have proposed techniques to overcome or bypass this bar-
rier to tropical forest regeneration. Such techniques include the manual collection
and planting of tree seeds and/or seedlings and the artificial establishment of struc-
tural diversity to attract dispersers to open areas (McClanahan and Wolfe 1993, Holl
1998a, Holl and Kappelle 1999, Parrotta and Knowles 1999). While these efforts
have met with some success, they can be costly to implement at large scale (Lamb
et al. 2005).
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Another option for reestablishing tree cover over large areas arises from the
observations of Janzen and Martin (1982), who argued that numerous Central Amer-
ican trees are adapted for dispersal by large herbivores. When much of the Pleis-
tocene megafauna went extinct around 10,000 years ago, they maintain, numerous
tree species were left without efficient dispersers. Since colonial times, seeds of
many such trees have been dispersed by introduced livestock, particularly cattle and
horses.

Under the right circumstances, cattle, a salient feature of many Neotropical
landscapes, are indeed important seed dispersal agents. Where management per-
mits, cattle cross easily between secondary forests, younger fallows, and pastures
(Herndndez and Benavides 1995), and may also be rotated through fields to graze on
crop residues (Jiménez Ferrer et al. 2003). They eat the fruit of a wide variety of trees
and shrubs (Moreno Casasola 1996), and their digestive processes are mild enough
to leave many seeds intact (Razanamandranto et al. 2004, Pascacio Damian 2006).
Furthermore, light grazing can diminish the competitive effect of grasses on woody
colonizers (Posada et al. 2000) another important barrier to tree establishment (Holl
et al. 2000, Posada et al. 2000).

Although many instances of seed dispersal by cattle (hereafter referred to as
“bovinochory”) are known, systematic studies of the relationship are lacking. We
review ecological and agronomic literature to typify bovinochorous trees and shrubs
and describe the methods used to study the phenomenon. We describe fruits, seeds
and habitat of the species involved, quantify reports of bovinochory by plant family
and summarize the authors’ conclusions with regard to the impact of bovinochory.
Next, taking the ecologically diverse state of Chiapas, Mexico as a case study,
we analyze the management potential of bovinochory as a tool for reestablishing
woody plant cover under both active cattle production and ecological restoration
scenarios. We present preliminary interview and sampling data identifying woody
bovinochores in Chiapas, then combine information from interviews and literature
review to describe the distribution, physiological requirements, uses and aptitude
as successional nuclei of these species. Finally, we propose a research agenda to
support full realization of bovinochory’s management potential.

7.2 Methods

7.2.1 Literature Review

Between September, 2004 and June, 2006, we consulted databases including
Science Citation Index expanded (ISI web of science, 1951-2005), Google
Scholar and the Livestock, Environment and Development Digital Library
(lead.virtualcentre.org). Search terms included combinations of “seed dispersal,” or
“germination,” and “livestock,” “cattle,” or “bovine,” in both English and Spanish.
We also searched for articles citing Janzen and Martin (1982). We carried out addi-
tional searches to develop descriptions of the characteristics of each species relevant
to their dispersal, habitats, uses and potential function as successional nuclei.
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7.2.2 Chiapas Field Studies

During 2005 and 2006 we conducted interviews on 60 ranches to identify
bovinochorous, woody species in both the wet and dry lowlands of Chiapas. During
both the wet and dry seasons, we surveyed dung pats on the same ranches for
germinating seedlings. We also collected dung and sieved a portion for seeds while
spreading the rest over soil-filled trays in the greenhouse to facilitate germination.
This work is ongoing and the preliminary results are reported here as a case study
of the management potential of bovinochory. Details of the methodology will be
provided elsewhere (Miceli Méndez In prep.).

7.3 Results

7.3.1 Studies Identified and Their Methodologies

Our searches identified 38 articles that mention 24 bovinochorous, woody
species (cited here by the scientific names utilized by the Missouri Botanical
on mobot.mobot.org; Table [Z1). We classify these according to the methodology
they employed to study bovinochory as experimental, descriptive and/or modeling.
The experimental studies include germination trials of seed banks in pasture soil and
dung (Gutiérrez and Armesto 1981, Janzen et al. 1985, Somarriba 1986, Peinetti
et al. 1993, Campos and Ojeda 1997, Brown and Archer 1999, Doucette et al.
2001, Villagra et al. 2002, Kneuper et al. 2003, Razanamandranto et al. 2004) as
well as trials of pregermination treatments (McCully 1951, Argaw et al. 1999,
Rubio-Delgado et al. 2002). Other experimental trials compared the effectiveness
of simulated bovine digestion with those of other scarification treatments (Janzen
et al. 1985, Somarriba 1986). Studies described as observational/descriptive mainly
documented foraging behaviour, presence of viable seed in dung and the distribution
of seedlings. Their data come from both field observations and interviews. The
modeling studies simulated the population dynamics of bovinochorous species
under differing management scenarios (Radford et al. 2001, Tews et al. 2004).

7.3.2 Characteristics of Bovinochores

Sixteen of the 24 bovinochorous species identified belong to the Fabaceae family,
two species are Rosaceae, and 6 other families, Boraginaceae, Caprifoliaceae, Myr-
taceae, Rutaceae, Sterculiaceae, and Tiliaceae, are represented by a single species
each (Fig.[Z1). Two of these families are in the same order (Malvales) but no other
relationships are apparent at this taxonomic level. Of the Fabaceae, 14 species are
in the Mimosoideae subfamily and two are Ceaesalpinoideae.
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Boraginaceae Caprifoliaceae Fabaceae Myrtaceae Rosaceae Rutaceae Sterculiaceae Tiliaceae
Lamiales Dipsacales Fabales Myrtales Rosales Sapindales Malvales Malvales

Plant family, order

Fig. 7.1 Cattle-dispersed woody plants reported in the literature, by botanical family and order

The fruits of these species are variously dry and indehiscent (n=16), dry and
dehiscent (n=1) or fleshy (n=7); drab (n=13), yellow (n=4), red-orange (n=4) or
white (n=1); and may be fragrant or without odor. The mean fruit length for species
for which data could be found is 10.3 £ 6.6 (standard deviation) cm. The typical
bovinochorous fruit is a legume with dry, elongated, indehiscent, brown-black pods.

Seeds of bovinochorous are also highly variable. Their mean length is
7.0 £4.2 mm, with a range of 2-23 mm. Seed weight averages 83 + 154 mg across
species, ranging from 4 to 700 mg. Appendix 1 provides detailed descriptions of
bovinochorous seeds and fruits.

7.3.3 Where does Bovinochory Occur?

The studies we identify report bovinochory of trees and shrubs in North, Central and
South America, the Caribbean, Africa and Australia. They describe bovinochory
in tropical and temperate savannas and, less frequently, in areas where the native
vegetation is deciduous or semi-deciduous tropical dry forest, tropical rain forest or
pine-oak forest (Table [Z.1).

7.3.4 Effects of Bovinochory on Seed Fate

Cattle digestive processes often have minimal effect on seed viability and germi-
nation (Peinetti et al. 1993, Razanamandranto et al. 2004). However scarification
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in the bovine digestive tract may soften the seed coat, both diminishing the pro-
portion of viable seed and accelerating germination of surviving seed (Janzen et al.
1985, Doucette et al. 2001). For several species (Acacia dudgeoni, Acacia seyal,
Rosa woodsii, Symphoricarpos albus, Burkea africana, Prosopis africana), via-
bility varies inversely with duration of retention in the digestive tract (Doucette
et al. 2001, Razanamandranto et al. 2004). Small, smooth seeds tend to pass more
rapidly and suffer less damage (Razanamandranto et al. 2004). Cattle digestion aug-
ments germination rate more than other physical and chemical treatments for some
species, including Enterolobium cyclocarpum, Psidium guajava, Rosa bracteata,
Rosa woodsii, and Symphoricarpos albus (McCully 1951, Janzen et al. 1985,
Somarriba 1986, Doucette et al. 2001).

The molar mill may also play a role in scarification, as in the case of the Acro-
comia aculeata (Jacq.) Lodd. ex Mart. In a series of scarification trials, this palm
germinated only after being chewed and spit out by cattle (Orantes Garcia 1999).

Cattle dung can be a propitious microsite for germination and establishment
of some plants. Dung provides both an acid environment in which further scarifi-
cation takes place, and abundant nutrients for seedling growth (Somarriba 1986,
Razanamandranto et al. 2004). Species exhibiting increased establishment in dung
microsites include Acacia dudgeoni, Acacia seyal, Burkea africana, Prosopis
africana, Prosopis flexuosa (Villagra et al. 2002, Razanamandranto et al. 2004,
Loth et al. 2005).

7.3.5 Bovinochory in Chiapas

The state of Chiapas, Mexico is an appealing context in which to explore the ecology
and management of bovinochory for several reasons: (1) it affords a broad range of
topographic and climatic conditions, resulting in a correspondingly broad variety
of ecosystems (Gonzalez-Espinosa et al. 2005); (2) these ecosystems host extraor-
dinary biological diversity, including 9 of the 24 bovinochorous species reported
in Table [Z1L (3) cattle ranching is of economic and social importance throughout
the state, and is practiced under a variety of management scenarios. In this sec-
tion, we report preliminary results of extensive surveys designed to identify further
bovinochorous species in lowland Chiapas.

The ranchers surveyed identified a total of 17 woody species that germinate from
cattle dung, including representatives of the Anacardiaceae, Burseraceae, Bignon-
iaceae, Cactaceae, Fabaceae, Malpighiaceae, Moraceae, Myrtaceae, Rutaceae,
Sapotaceae, Sterculiaceae, Ulmaceae and Tiliaceae. Of these, we have thus far
confirmed the presence of viable seed of 12 tree species and one shrub species in
cattle dung. Eight of the trees have been previously reported as bovinochorous.

While our surveys focused on lowland Chiapas, our literature and database
searches found that the 13 confirmed bovinochorous species are distributed across
a broad range of ecosystems (Miranda 1998, Pennington and Sarukhan 1998). Most
are not frost-resistant, but at least three species reach altitudes of 2,000 m or more.
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All 13 grow in the dry lowlands and five are also present in the humid tropics.
This suite of species also grows across a spectrum of soil types, from rich soils of
volcanic origin to calcareous soils, to highly-weathered, acidic soils.

7.4 Discussion

Notably, most of the studies we identify in our literature review treat one or a few
bovinochorous species, often as invasive plants that present a challenge to range-
land management (Brown and Acher 1989). Some of these cases present dramatic
demonstrations of the influence of bovinochory on the composition and structure of
plant communities. However, few studies (e.g. Argaw et al. 1999) attempt to identify
the suite of bovinochorous plants in a given system and we found no systematic
studies designed to identify bovinochorous species in the Neotropics. Nonetheless,
our review and findings from Chiapas corroborate Janzen and Martin’s (1982) gen-
eralizations regarding the importance of livestock as dispersal agents for neotropical
trees and shrubs. We are able to draw some useful conclusions regarding character-
istics of bovinochorous species, when and how bovinochory occurs, and how the
phenomenon might be exploited for both enhancement of tropical rangelands and
for catalyzing ecological restoration.

7.4.1 The Ecology of Bovinochory

As Janzen and Martin (1982) predicted, bovinochorous fruits are highly variable
in size, color, morphology, odor, nutrient composition, seed size, etc., defying def-
inition of a consistent bovinochorous dispersal syndrome (Howe 1985). Indeed, as
Bruun and Poschlod (2006) note, cattle and other ungulates may be important vec-
tors for many species without obvious dispersal adaptations. One generalization that
does seem to hold true is that the seeds are hard and smooth, protected within a hard,
smooth nut, or else very small (Janzen and Martin 1982).

While legumes with indehiscent pods are disproportionately favored by cattle,
bovinochory manifests itself across numerous plant families (Fig. [Z.I). Janzen and
Martin (1982) mention species from 14 plant families in Pacific lowland, deciduous
forest of Costa Rica that are dispersed by livestock and/or may have been dispersed
by extinct megafauna. Eleven of these families (Anacardiaceae, Arecaceae, Bignon-
iaceae, Bromeliaceae, Fabaceae, Malpighiaceae, Moraceae, Myrtaceae, Sapotaceae,
Sterculiaceae, Tiliaceae) along with three additional families (Burseraceae, Cac-
taceae, Rutaceae) are represented among the species we have thus far identified in
Chiapas as bovinochorous.

Both the literature and our preliminary data suggest that bovinochory is more
prevalent in dry forest areas than in the humid tropics. This observation is consistent
with the hypothesis that bovinochory is a characteristic inherited from coevolution
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with large, extinct herbivores that maintained, savanna-like vegetation (Janzen and
Martin 1982). Such plants must have been able to survive in the relatively dry micro-
climate of these open areas and could be expected to be most abundant in today’s
dry forests.

Bovinochory has been reasonably well documented in the range management
context (e.g. McCully 1951, Brown and Acher 1989, Cox et al. 1993, Auman et al.
1998, Doucette et al. 2001, Bruun and Fritzboger 2002, Edwards and Younger
2006). However, its influence upon successional patterns in abandoned neotropi-
cal pastures seems to have been largely disregarded by ecologists since Janzen and
Martin (1982), perhaps because of the more obvious association between cattle and
deforestation (Hecht 1993).

Intriguingly, we and the ranchers we have interviewed have observed latency
in seeds of cattle-dispersed taxa, including Acacia, spp. and Guazuma ulmifolia,
species that are often important early-successional colonizers (e.g. Ferguson et al.
2003). Thus these species may germinate not from post-abandonment seed rain, but
from a seed bank that accumulates in pastures during years of use. Draft animals and
livestock grazing on crop stubble may also contribute to seed banks and successional
patterns in croplands.

Furthermore, the structural diversity and resources provided by bovinochores that
establish in active pasture doubtless also play a role in post-abandonment succes-
sion. In open vegetation, structural diversity is vital to maintaining seed dispersal
by wild animals, and isolated trees offer key microsites for establishment of other
woody species (Guevara et al. 1986, Vieira et al. 1994, da Silva et al. 1996, Ferguson
2001). In the Central Valleys of Chiapas, bovinochorous trees including Enterolo-
bium cyclocarpum, Pithecelobium dulce, Guazuma ulmifolia, Acacia pennatula,
and Acacia farnesiana are salient features of the landscape. These trees can offer
important habitat for birds (e.g. Greenberg et al. 1997), contributing to successional
dynamics.

7.4.2 Management Potential of Bovinochory in the Neotropics

Strategies that contribute simultaneously to rural livelihoods and biological con-
servation are urgently needed throughout the Neotropics (Sdnchez et al. 2000,
Angelsen and Kaimowitz 2001). Our findings with respect to the diversity of
Neotropical bovinochorous trees and shrubs, the range of ecosystems in which
they grow and the apparent importance of bovinochory in structuring vegetation
in grazing land in the dry tropics all highlight the potential for management of this
relationship. Establishment of trees via bovinochory holds particular promise for
both silvopastoral systems and ecological restoration. This strategy could be used to
plant trees at low cost by exploiting relationships and resources already familiar to
rural people.
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7.4.2.1 Silvopastoral Systems

Silvopastoral systems rely on trees, particularly multiple-use trees to improve the
productivity of grazing land (Sdnchez 1998). Our searches found multiple uses for
all of the bovinochorous trees and shrubs we report from Chiapas. In addition to
forage, these plants offer wood for diverse applications, extracts for tanning, shade
for coffee or cattle, medicine, perfume, soil retention, wind breaks and live fences
among other products and services (Miranda 1998).

Availability of quality forage in the dry season is a major determinant of the pro-
ductivity of Neotropical rangelands (Botero and Russo 1998). Most bovinochorous
species fruit during the dry season when grasses are less abundant and cattle seek
alternative forage. Their fruits and seeds generally possess high concentrations of
lipids, proteins and soluble carbohydrates that both attract and nourish livestock
(Chargoy Zamora 1988, Razanamandranto et al. 2004). We have identified several
ranchers in the Central Valleys who use trees dispersed by their cattle as key dry
season forage. One of these ranchers relies on bovinochory to establish Acacia
pennatula, thinning the trees as necessary to maintain a favorable balance between
trees and grass. Two more ranchers use cattle-dispersed Guazuma ulmifolia, and
one of them spread G. ulmifolia seed across his ranch intentionally by feeding
its fruits to his cows. These ranchers report that within 3 months of germination,
G. ulmifolia can withstand frequent browsing. In addition to high quality forage,
G. ulmifolia provides firewood, wood, and medicine (CATIE 1991, Miranda 1998,
Pennington and Sarukhdn 1998). Other bovinochorous species that may represent
considerable forage resources in Chiapas include Acacia farnesiana, Enterolo-
bium cyclocarpum, Manilkara achras, Nopalea dejecta, Parmentiera aculeata,
Pithecellobium spp., Prosopis juliflora, Psidium guajava, Senna atomaria y
Senna spectabilis.

7.4.2.2 Restoration

Where ecological restoration is the primary management objective, bovinochory
may catalyze successional processes by increasing woody plant seed rain in open
areas and diversifying microsites for establishment. Bovinochorous colonizers help
re-establish the vegetation structure and food resources that attract wild seed vec-
tors, which in turn will diversify the seed rain. Seeds deposited by wild dispersers
will find improved microsites for germination and recruitment under bovinochorous
plants (e.g. Ferguson 2001). Thus two of the most frequent barriers to forest regen-
eration in tropical pastures, lack of seed rain and of safe sites for establishment of
woody plants (Holl et al. 2000), may be overcome by bovinochory.

Several bovinochores hold considerable potential as successional nuclei. All col-
onize open areas and most tolerate poor soils (CATIE 1991, Miranda 1998, Pen-
nington and Sarukhdn 1998). Many such early colonizers improve soil conditions
or microclimate or attract seed-dispersing wildlife (Vieira et al. 1994, Meli 2003).
Some, such as A. pennatula, G. ulmifolia and P. dulce are of particular importance



180 C. L. Miceli-Méndez et al.

for wildlife conservation (Greenberg et al. 1997, Leon-Cortes et al. 2004, B.G.F.
pers ob.). However some bovinochorous species, including Acacia spp., D. cinerea,
Prosopis sp. and P. guajava form dense thickets that could impede colonization by
other species or restrict cattle movement and the productivity of rangelands (Peinetti
et al. 1993, Somarriba 1995, Méndez Santos and Ramos Jalil 2004).

7.4.3 Research Priorities

Despite the success of some of the ranchers we interviewed at managing
bovinochory, broad and efficient exploitation of this phenomenon will require
deeper understanding of its ecology and natural history. Here we outline some
pertinent areas of research.

The range of plant species susceptible to bovinochory has yet to be studied in
most places. Interviews with ranchers, observations of germination in dung pats,
controlled germination of seed from dung and simple experiments involving the
addition of seeds or fruits to livestock diets may all quickly yield this kind of
information.

Differences among livestock species and even breeds with respect to their capac-
ity for seed dispersal should also be explored. We have focused on cattle as the most
ubiquitous livestock in neotropical landscapes. However horses are also effective
seed dispersers and they use different habitat and graze different species than do
cattle (Cosyns et al. 2005). Sheep, while less likely than cattle to excrete whole
seeds (Razanamandranto et al. 2004), are locally important in tropical highlands
(Jiménez Ferrer et al. 2003), while tropical sheep are increasingly grazed in the
lowlands (Nuncio-Ochoa et al. 2001).

The distribution and characteristics of various microsites arising from bovino-
chory influence seed and seedling fate. Patterns of dung deposition correspond to
herbivores’ habitat preferences and can be influenced by management (Wiegand
et al. 1999, Cosyns et al. 2005). Dung pats can create short-lived gaps in dominant
vegetation (Cosyns et al. 2006, Kohler et al. 2006), offer an acid environment that
scarifies seed, and provide nutrients that favor seedling establishment (Razanaman-
dranto et al. 2004). Dung beetles may act as secondary dispersers, diversifying the
range of microsites encountered by bovinochores, but may also bury seed well below
the soil surface where establishment is unlikely (Diaz Valdiviezo 2005). Microsite
conditions arising from bovinochory and secondary dispersal are likely to favor
some species in some environments, while filtering out others.

Changes in management of grazing lands bovinochory can alter the significance
of bovinochory over a range of spatial scales. In northern Europe, for example,
a reduction in the number of free-ranging livestock, increased fencing of pas-
tures and less common long-distance seasonal movement of livestock have all
contributed to a decline in seed dispersal in modern times (Bruun and Fritzboger
2002). Recent changes in Mexico’s land reform law permitting division and sale
of ejido land may similarly alter patterns bovinochory in that country. At the
same time, enforcement of bans on burning seems to be favoring increased tree
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cover, particularly of bovinochores, in some ranching-dominated landscapes of
the Central Valleys of Chiapas.

Grazing pressure likely interacts with bovinochory to determine germination and
establishment rates. Intriguingly, because cattle generally prefer herbaceous for-
age, woody plant establishment can be greater at low livestock densities than in
the absence of grazing where grasses are unchecked (Posada et al. 2000, Tobler
et al. 2003). Thus cattle may simultaneously increase seed rain and lessen competi-
tion faced by establishing seedlings. However the form of the relationship between
grazing pressure and woody plant establishment is little known as is the effect of
timing of grazing in relation to germination. Further complicating this relationship,
well-timed grazing may reduce fuel loads and thus the frequency and severity of fire
during early succession (Fonseca and Beita In press).

For purposes of both restoration and silvopastoral systems, we need a better
understanding of the interactions of bovinochorous shrubs and trees with other
species. Which bovinochores permit or even favor grass growth beneath their
crowns, and which grasses are most compatible with them (Herndndez-Daumas
2000)? Conversely, which create shade levels or other microsite conditions that favor
establishment of more woody plants (Vieira et al. 1994)? Which create habitat for
wildlife species of interest (e.g. Greenberg et al. 1997), particularly for wild seed
dispersers (Vieira et al. 1994)? Which species, under what conditions, are likely
to form dense stands, and which maintain wider spacing that permits continued
grazing and/or establishment of other species (Peinetti et al. 1993)? Does early
dominance by bovinochores cause a “founder effect” that influences successional
trajectory over the long term (Drake 1991)?

7.5 Conclusions

Cattle ranching is justifiably viewed as a major agent of neotropical deforestation
(e.g. Hecht 1993). However under some conditions, seed dispersal and grazing by
cattle can overcome major barriers to reestablishment of woody cover in open areas,
catalyzing successional processes. Exploitation of this relationship holds promise
as a cheap, efficient tool for both silvopastoral systems and ecological restoration.
Further research will help realize the full potential of this strategy across a range of
tropical ecosystems.
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